The clustering of cases of disease within family groups has long been of interest to geneticists, but the empirical data which they have gathered concerning the strengths of these associations have had to do largely with conditions that were thought in advance to be either hereditary or at least partially so. Epidemiologists, who might be expected to be interested in the strengths of familial predispositions other than those due to heredity, have perhaps lacked the specific motivation of the geneticists and have certainly been hampered as well by a lack of appropriate methods for quantitative study of the problem on any substantial scale.
Conventional sampling techniques, for example, tend to be unsuitable for studies of recurrences of similar events of ill health among different members of the same families, and are especially so where the diseases in question are rare. Although this particular obstacle to investigation of the familial component of ill health might be avoided by the use of routine records of illnesses and of family compositions covering whole populations, such records have not in the past been organized in a manner that would facilitate quantitative studies of the special risks to relatives of affected individuals.
Methods are now available, however, for obtaining family histories of procreation and of mortality and morbidity from the routine records of vital and health events, throughout whole registration areas (Kennedy, 1961 (Kennedy, , 1962 Kennedy, Newcombe, Okazaki, and Smith, 1965; Newcombe and Kennedy, 1962; Newcombe, Kennedy, Axford, and James, 1959) . Such methods have been used in the present study to measure the strengths of the family associations of a wide range of ailments, including many that are caused mainly by environmental factors or for which there is currently little evidence of an hereditary component in the aetiology.
RECORDS AND METHODS
The routine records employed in this study relate to children born in the Canadian province of British Columbia over the 6-year period, 1953 to 1958, a total of 213,392 live births and 2,403 stillbirths. Of the liveborn children, 3,987 had appeared in the exceptionally well-organized British Columbia Register of Handicapped Children and Adults by mid-1961 and were still alive, 5,708 were registered as dead by the end of 1960 but not as handicapped, and a further 729 appeared in both registers. A total of 12,827 children were thus affected by one or more of these kinds of registered events of misfortune, over the periods covered by the files, and 202,968 liveborn children were not so affected. Punchcards for the indexing of names and statistical purposes are produced routinely for all live births, stillbirths, deaths, and registered handicaps. These cards, or in some instances modified versions of them, were used for the present study.
The stillbirths considered in this paper refer to foetal deaths after 28 weeks of pregnancy; these occurred at a rate of approximately 11 per thousand total births during the period under study. The rate has declined in recent years, the published figures for stillbirths per thousand live births being 112 for 1965 as compared with 28-1 for the period 1921 to 1925. No special check was made to assess the possible extent of under-reporting of congenital malformations as causes of stillbirths, so that the combined frequency of these conditions, and the frequencies of the particular malformations, anencephaly, hydrocephalus, and spina bifida, as given in Table V , could be low by an unknown amount.
The computer methods by which the vital and health records were merged and linked together into family groupings have been described in detail elsewhere (Kennedy and others, 1965) . The resulting family master file, in magnetic tape form, contains the birth records of siblings arrayed together in order of the birth dates; interfiled between these, and following the birth records of the children to which they relate, are records of handicaps and of deaths. The arrangement is thus into family histories within which are the histories of the individual siblings.
The data-processing methods developed for this work are now exceedingly rapid, so that successive 49 updatings of a large family master file can be carried out at a rate of one or two thousand incoming records per minute. The cost of the linkage operation is much smaller than that of producing the punchcards in the first place and, in view of the continuing rapid increase in computer speeds, it is envisaged that similar procedures may in the future be widely used on a routine basis for both administrative and scientific purposes.
Extraction from the family master file of data on the recurrence of disease within sibship groups involved a number of steps:
(a) The production of one record per individual, summarizing in each instance the recorded history of birth, handicap, and death; (b) The derivation from these of one record per family, representing a more condensed summary which includes the histories of successive members of a sibship, with a trailing record wherever there are more individual histories in the family group than can be accommodated on a single record; (c) The extraction of tabular information from family summary records selected for the presence of specified diseases or groups of diseases.
These procedures are described in detail elsewhere (Smith, Schwartz, and Newcombe, 1965) .
The tabulations included the total numbers of earlier-and of later-born siblings of "index" cases (i.e. of the earliest born child in each family affected by the specified condition), the number of laterborn siblings affected by the same condition as the index cases, and the numbers of earlier-and of later-born siblings who were stillborn, handicapped, or dead, because of conditions other than that for which the family was selected. Such tabulations were carried out by the computer with extreme rapidity. In fact, the most time-consuming part of this and other similar studies has been the development of appropriate methods and the writing of the pro- (The family file used for the present study was arrayed in quasi-alphabetic sequence by father's surname followed by mother's maiden surname in phonetically coded, i.e. "Soundex", form.) Such supplementary records are necessary so that an incoming record can be linked with the rest of the family history in one or other of the alternative locations in the file sequence.
To ensure that the family group is not represented more than once in the tabulations for a particular disease cause, as a result of the presence of the supplementary records, cognizance must be taken of the cross-referencing information as indicating whether a family summary record is, or is not, the first in the file sequence representing that family. Details of the procedures used to avoid artificial inflation of the tabular information will be described in another publication (Smith and others, 1965) ; for the present, it is sufficient to say that tests carried out manually to detect failures of the cross-referencing system to avoid redundant scorings of the same family members indicate that these would lead to less than a 1 per cent. inflation of the data, and not in a manner which would introduce biases.
Procedures of the above kinds will become increasingly important as attempts are made to derive family information from still larger linked files, of sizes which would render extraction of the data by human clerks even more impractical than it would have been in the present study.
RISKS OF SIMILAR DISEASES AMONG LATER SIBLINGS OF CASES
If all kinds of registerable "trouble" represented in the present files are treated as indistinguishable from one another, the risk of further "trouble" among later-born siblings of an affected child is approximately 2 7 times that for the birth population as a whole (Table I ). The different kinds of registerable events of misfortune, namely stillbirths, handicaps, (1955) .
The strengths of the familial associations have also been examined for broad categories of disease as defined by the International Classification (Table  III) , for a number of selected diseases of possible special interest (Table IV, because the present data do not serve to distinguish The relatively low position of congenital malbetween the two sorts of cause. It is curious, however, formations, as a group, in the list of diseases with that the congenital malformations, to which both the familial tendencies was one of the unexpected prenatal environments and the children's own genetic findings of this study. Some change in this position make-ups are believed to contribute substantially, might perhaps be observed if allowance were made exhibit the weakest measurable tendency to repeat in for the effects of differences in parity and parental ages; however, the relative risk value as given in Table III for congenital malformations as a group would be unlikely to be altered by as much as twofold, in view of the magnitudes of these effects as determined from previous studies (summarized in .
Of the particular causes of handicaps and deaths selected for study because they were considered to be of special interest (Table IV) , the majority show strong familial associations. Among the congenital malformations listed in the This non-specific elevation of the risks to families in which some sort of trouble has already occurred shows itself as an increase of approximately two-fold in the frequencies of stillbirths, handicaps, and deaths from causes other than those for which the families were selected. Because these kinds of events are relatively common, an elevation of the risks by even a small factor can result in a substantial increment in the absolute numbers of affected children. Thus, the non-specific disease associations represent, in many instances, a greater hazard to the siblings of an affected child than do repeat occurrences of the same condition (see Tables X and XI, overleaf) .
Only a small part of the non-specific associations can be attributed to more complete reporting of conditions where an earlier brother or sister has also been ill. It is true that families which have come to the attention of health authorities will be more likely ILE Woolf, 1955) .
VI RISKS OF OTHER KINDS OF EVENTS IN SIBLINGS OF "INDEX" CASES REGISTERED AS STILLBORN, HANDICAPPED, OR
The weighted mean relative risks as derived separately for K, Q, R, and S are 2 -29, 1 -59, 2 -79, and I 58 respectively. To speculate any further concerning the factors that contribute to the non-specific disease associations would be unprofitable at the present time.
SUMMARY
The tendency for handicaps and deaths of children to be correlated, or clustered, within families has been studied, using large files of routine vital and health records from the Canadian province of British Columbia. Registrations of live births, stillbirths, and of deaths in infancy and childhood, together with records of handicapping conditions of children from an exceptionally well-organized register of handicapped children and adults, were "linked" by computer into family groupings. The data-processing methods developed for this purpose are exceedingly rapid and permit incoming records to be entered into the appropriate family groupings at rates of 1,000 to 2,000 per minute. In all, 12,827 "affected" children are represented in the files, together with their unaffected brothers and sisters from a birth population of 215,795 children born in British Columbia over the 6-year period 1953 to 58.
Almost all the conditions studied showed some tendency to repeat in the brothers and sisters of cases For the broad categories of disease, as defined by the International Classification, the factors by which the risks from the same categories of disease were elevated among later-born siblings of "index" cases, as compared with the birth population, ranged from 3-fold to about 200-fold. Some of the most conspicuous family groupings were not suggestive of hereditary causes, as in the case of infective diseases, respiratory diseases, and accidents. Somewhat unexpectedly, the congenital malformations as a group showed the smallest measurable tendency of any of the broad categories of disease to recur in the same families.
Among twenty selected conditions of special interest, widely different degrees of familial association were observed. "Monstrosity", blindness, and deaths from diarrhoea were among the most likely to recur in the later-born siblings of index cases, while congenital malformations of the circulatory system showed the smallest measurable familial tendency. Among the causes of stillbirths, those associated with disease of the mother were most likely to repeat, whereas congenital malformations as a cause of stillbirth were least likely to do so.
In the families selected for the presence of various particular diseases, or broad category of disease, the brothers and sisters of the "index" cases had, in most instances, about twice the usual risks of stillbirth, registerable handicap, and death from all other causes. These apparently non-specific disease associations give rise to about as many deaths and disabilities in the brothers and sisters of "index" cases as do repeat occurrences of the same diseases. The effect may indicate that a wider range of diseases is more strongly correlated with social circumstances than was heretofore thought to be the case.
